Abstract: Strains of Trichophaea abundans (Ascomycota, Pezizales, Pyrenomycetaceae) were isolated from Haplic Cambisol, Haplic Cambisol (Eutric), Litic Leptosol (Sceletic), Haplic Umbrisol, and Fulvic Andosol soils in Slovakia and from Rendzic Leptosol, Chernozem, Cambisol, drilosphere, and feacal pelets of the earthworm Allolobophora hrabei collected in southern Moravia. The Slovak soils markedly differ in pH, from extremely acidic (pHH2O 3.9) to weakly alkaline (pHH2O 7.4). T. abundans appeared as a post-burn species on Haplic Cambisol, which experienced a wildfire after a windthrow event (November 2004). In Moravia T. abundans was also isolated from sites situated in southern slopes, from time and time they affected by fires. We also note the growth of T. abundans on the surface of Fulvic Andosol after gradual heating in the lab to temperatures reaching 105
Introduction
Species of the genus Trichophaea usually grow on bare or burned soils and decaying wood debries (Doveri 2011) . A few species, T. woolhopeia (Frank et al. 2009; . Rubini et al. 2009; Shefferson et al. 2008; Tedersoo et al. 2006) and T. hybrida (Cavender-Bares et al. 2009 ), form ectomycorrhizal associations (Taylor et al. 2010 ). Another species, T. gregaria, was found to be part of microfungal community associated with afforestation sites planted in crop fields (Kujawa & Kujawa 2008) and from dung in Italy, a novel substrate (Doveri 2011) . Raja et al. (2007) reported T. abundans from soil of the Great Smoky Mountains National Park in Tennessee. Mouchacca (2000) characterizes T. saccata as a thermotolerant fungus species that occurs at the temperature range of 35-42
• C with extremly rapid growth at 40
• C. Jumpponen & Johnson (2005) isolated T. hybrida from burned soil of the tallgrass prairie ecosystem. T. hemisphaerioides was described by Wicklow (1988) as part of the post-burn fungal community and according to Foster & Bills (2011) this species appears 20-50 weeks after a fire on the soil surface.
This research focuses on the presence and thermotolerance of T. abundans from different soils in Slovakia and Czech Republic. Study soils markedly differ in pH, from extremely acidic (pH H2O 3.9) to weakly alkaline (pH H2O 7.4), and in amount of organic matter (% C ox 0.4-20). Using common laboratory procedures, we show that this fungus is rarely isolated, whereas appears to be associated with a wide range of soil types.
Material and methods

Soil sampling
Samples for microfungal studies were collected from different soil types of Slovakia and Czech Republic. Five soils collected in Slovakia were used for microfungal studies -Haplic Cambisol -sample 1 from Tatranské Zruby (Vysoké Tatry Mts), Haplic Cambisol (Eutric) -sample 2 from Kýčera hill (Belianske Tatry Mts), Litic Leptosol (Sceletic) -sample 3 from Popradské pleso (Vysoké Tatry Mts), Haplic Umbrisol -sample 4 from Popradské pleso, near Symbolic Cemetery (Vysoké Tatry Mts), and Fulvic Andosol -sample 5 from Kremnické vrchy Mts. Soil samples 1-4 were collected from overlying horizons from the depth of 0-15 cm in sterile bags in amount of 20-25 g during the years 2006-2012 (Table 1) . Table 2) . Samples from drilosphere as well as faecal pelets of the earthworm Allolobophora hrabei were collected, too.
Isolation of T. abundans
For samples 1-4, microfungal isolation was carried out using the dilution plating method (dilution 10 4 ) (Garrett 1991) . Dilutions were plated on Sabouraud Maltose Agar (SAB) (Himedia, Mumbai, India) for isolation. Trichophaea strains were isolated from mixed cultures of soil microscopic fungi. Pure cultures of T. abundans strains were cultivated in an incubator at 23
• C for 5-7 days on SAB. Sample 5 was taken into the sample ring (53 × 50 mm, content 100 cm 3 ) directly in the field. Then the sample was heated in an oven at gradually increasing temperatures of 24
• C for 24 h, 80
• C for 24 h, 105
• C for 72 h. The sample was then saturated with water and cultivated at room temperature. The growth of T. abundans on the soil sample surface was observed on the third day.
For samples 6-8, microfungal isolation carried out in 2012 and 2013 using the dilution plate method, the soil washing technique (Garrett 1991) , and the soil heating method (soil heating at 75
• C for 30 min), (Marvanová 1999) for isolation and DRBC, SGA, and beer-wort agar (Atlas 2010) as isolation media.
DNA sequencing
The strains of T. abundans were grown statically in Sabouraud broth at 28
• C for 7 days. Then, the fungal pellets were separated from the broth by filtration through sterile filter paper and subjected to DNA extraction using the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) according to the enclosed protocol for animal and vegetable tissues (DNeasy Handbook, July 2006).
Three sets of primers, targeted to 18S rDNA (Pangallo et al. 2007 ), 28S rDNA (Kurtzman & Robnett 1998) and ITS (Kraková et al. 2012) , were used to amplify the DNA of T. abundans strains by PCR. The obtained PCR products were bidirectionally sequenced by a commercial facility (Macrogen, Amsterdam, The Netherlands). The obtained sequences were compared directly with those in the GenBank by BLAST search (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Photodocumentation of T. abundans
Native slides of T. abundans were prepared in lactic acid enriched with cotton blue or fuchsin stains (0.01%). Micromorphological structure were observed under the light microscope Olympus BX 51 and CCD camera (Fig. 1d-f) , under JEOL 7401S scanning electron microscope (Fig. 1g-i) and under a Olympus SZ61 stereo microscope (Fig. 1b, c) . T. abundans strains are preserved in the Collection of Microscopic Fungi at Institute of Soil Biology in České Budějovice (Czech Republic) as CMF 1763, CMF 2328, CMF 2329 (Haplic Cambisol from the locality Tatranské Zruby), CMF 2331 (Haplic Cambisol (Eutric) from the locality Kýčera hill), CMF 2330 (Litic Leptosol (Sceletic) from the locality Popradské pleso), CMF 2378 (Fulvic Andosol from the locality Kremnické vrchy Mts), and CMF 2507 (Cambisol from the locality "U kapličky", Hostěradice).
Results and discussion
Characteristics of soil samples
The species Trichophaea abundans, missidentified as Piptocephalis lepidula, was isolated from overlying humus horizon from the depth of 0-15 cm from Haplic Cambisol (sample 1) at the locality Tatranské Zruby in Vysoké Tatry Mts in 2006 as the first record for Slovakia (Nováková et al. 2012 ). This locality was burned in July of 2005 after a dramatic windthrow in November 2004, and T. abundans appeared as a post-burn species (Ši-monovičová et al. 2009 ). Piptocephalis lepidula and Trichophaea abundans, both rather rarely reported microfungal strains, produce very similar Botrytis-like type of sporogenesis/conidiogenesis and globose spore/conidia and they could be confused. This very poorly sporulated strain was consequently reidentified using the molecular analysis.
According to Certini (2005) , after the fire positive changes on the locality were observed, including an increase of both soil pH and amount of organic matter (Table 1) . Thermal ash analysis showed that the samples containing about 7 wt.% of water and light pyrolysis products, which are released in the temperature range 80 to 170
• C. Approximately 50 wt.% of organic fraction is released at temperatures below 600
• C. Above this temperature, the change in mass is only 1wt.%. This means that the inorganic fraction of carbon is low and ash samples are the product of incomplete combustion (Hanajík et al. 2009 ). In 2010, T. abundans was isolated from Haplic Cambisol (Eutric) (sample 2) on the locality Kýčera hill in Belianske Tatry Mts, from Litic Leptosol (sample 3), and from Haplic Umbrisol (sample 4) on two different localities on Popradské pleso in Vysoké Tatry Mts (Bedrna et al. 2010) . In all cases, T. abundans strains were isolated from the mixed cultures on SAB. Only one strain occurred on the surface of Fulvic Andosol (sample 5) after the gradually heating the soil sample at 24
• C for 72 h, and subsequently saturated with distilled water. From Moravian localities, T. abundans was isolated using the DPM from the drilosphere and Allolobophora hrabei feacal pelets (the locality Hostěradice), using the method for thermoresistent fungi from the locality Pouzdřanská steppe (drilosphere and faecal pelets), Ječmeniště (soil), and Hostěradice (soil). All these sites are situated in southern slopes, from time and time they are also affected by fires.
The strains of T. abundans were determined using macro-and micromorphological features according to Hennebert (1973) . The DNA sequencing using three different ribosomal markers identified our isolated strains as T. abundans with a similarity of 100% to these two sequences: DQ220449 (28S rDNA) and EU715595 (ITS). The 18S rDNA sequence of our T. abundans strains showed a similarity of 98% with the sequence U53390 of Trichophaea hybrida, this is likely due by the absence of the complete T. abundans 18S rDNA sequence inside the GenBank database.
Studied soil samples markedly differ in soil pH. Haplic Cambisol (sample 1) with alkaline soil reaction, Haplic Cambisol (Eutric) (sample 2) with strong acid soil reaction, Litic Leptosol (Sceletic) (sample 3) with neutral soil reaction, Haplic Umbrisol (sample 4) with strong acid soil reaction and Fulvic Andosol (sample 5) with extreme acid soil reaction. The amount of organic matter in Haplic Cambisol (Eutric) is very low (0.4% C ox ) because of on the top of Kýčera hill, where the soil samples were collected, organic matter is considerably washed out. The middle amount of organic matter is in Litic Leptosol (Sceletic) (sample 3) and very high in Haplic Cambisol (sample 1), Haplic Umbrisol (sample 4) and Fulvic Andosol (sample 5) ( Table 1) .
Taxonomy
Trichophaea abundans (P. Karst.) Boud. (Fig. 1) ≡ Lachnea abundans (P. Karst.) Sacc. ≡ Peziza abundans P. Karst. ≡ Scutellinia abundans (P. Karst.) Kuntze ≡ Patella abundans (P. Karst.) Seaver
Anamorph state: Dichobotrys abundans Hennebert Systematic position: Ascomycota, Pezizales, Pyrenomycetaceae, Trichophaea Boud.
Colonies on SAB are large, covering the entire dish sur-face after five days. The color ranges from pale to dark ochraceous (Fig. 1a, b) . Conidiophores are erect, long, several times dichotomiously branched and formed in shorter branches up to the apex (Fig. 1d, e, g ). Terminal branches formed conidiogenous cells (Fig. 1f) . Conidia are holoblastic, subglobose, single, sessile or on denticles (Fig. 1f, h, i) .
Occurrence of T. abundans
The occurrence of Trichophaea in soils is connected with decomposable organic material, humus or manure. As in other studies, it was found in soils that were influenced by fire or enriched with organic matter (Doveri 2011; Foster & Bills 2011; Jumpponen & Johnson 2005) . Roxon & Batra (1973) described formation of apothecia on common laboratory media of T. abundans and T. hemisphaeroides. The occurrence of T. abundans from decaying wood, partially decayed oak litter and garden soil is presented by Moore-Landecker (1988) , from South Africa by Coetzee & Eicker (1994) , from California by Perry & Pfister (2008) and as rootassociated species formed ectomycorrhizae with many sorts of plants by Frank et al. (2009 ), Rubini et al. (2009 ), Shefferson et al. (2008 , Tedersoo et al. (2006) , and Kipfer et al. (2010) . T. abundans was also reported by Raja et al. (2007) (Mouchacca 2000) . This was observed for isolates from burned soils (Wicklow 1988; Kubátová et al. 2002; Jumpponen & Johnson 2005; Foster & Bills 2011) , ectomyccorhizal species (Tedersoo et al. 2006; Shefferson et al. 2008; Cavender-Bares et al. 2009; Frank et al. 2009; Rubini et al. 2009; Taylor et al. 2010; ) , and those from dung (Doveri 2011) . As a result of the rarity that T. abundans is isolated from a number of substrates in the literature, and in the current study, we suggest that it is likely a rare, or low abundance species.
Wildfire has a dramatic impact on the soil environment where many fungi live. In addition to directly killing organisms, soil heating and the addition of ash causes changes in soil chemistry, soil structure, and nutrient avalability. The effects of fire on fungi are highly variable and depend on factors such as soil and vegetation type, variation in fire intensity and the lenght of time between fires (Peay et al. 2009; McMullanFischer et al. 2011) . Fire may modify the composition and functioning of a soil microfungal community as well as confer a competetive advantage upon some parts of the community (Persiani & Maggi 2013) . Wildfires, as well as other means of soil warming or heating, form suitable conditions for occurrence and growth of Trichophaea species. This is probably a result of the die out of many mesophilic microorganisms. This dieout releases organic matter and, simultaneously, results also in a lost of a competition from another microorganisms. According to Wicklow (1988) , before a fire the soil microorganisms exhibits a general fungistasis; microbial competition is great, nutrients are limiting, and carbonicolous ascomycetes are in a dormant phase. The frequency of burning and the uneven heating of the soil surface creates patchiness with a corresponding increase in the species richness of the post-burnt community. Kipfer et al. (2010) tested susceptibility of ectomycorrhizal fungi to soil heating at 45, 60, and 70 • C because propagules of ectomycorrhizal fungi are expected to be a key factor for forest regeneration after forest fires. They found that the mean number of species per sample was reduced by the 60 and 70
• C treatments, but not by the 45
• C treatment. While some EcM fungal species did not survive heating, the majority of species were found in the heated samples (T. gregaria). The strain of T. abundans isolated from Fulvic Andosol (sample 5) appears on the soil surface after gradual heating at 24, 80, and 105
• C for 5 days. In the original soil sample (Fig. 1c) the growth of T. abundans was located in a little depression of soil sampled with a part of a root system.
Our study indicates the possibility of T. abundans to form thick-walled structures or heat tolerant spores. These spores allow the species to survive wildfires or grass calcining in the natural ecosystems and heating at a temperature of 75
• C for 30 min. under laboratory conditions by the method of heat-resistant microscopic fungal isolation. The occurrence of Trichophaea abundans under various ecological conditions hints its importance in the terrestrial ecosystem and in the consortium of soil microorganisms.
